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This paper deals with issues arising from the mobility and re-deposition of predominantly-clastic 46 sediments in the photic zones (areas reached by at least diffuse daylight), of archaeologically-47 important caves, particularly from the perspective of chronology and chronological integrity. It 48 therefore complements the paper by Canti and Huisman (this volume) which deals with site 49 formation and diagenesis in anthropogenic and biological sediments in cave fills. The majority of 50 archaeologically-important caves are karst (dissolution) features in limestone or dolomite and the 51 following discussion mostly addresses caves in these lithologies, although caves also form in gypsum, 52 rock salt, sandstone, quartzite and granite, among others. Further, virtually all rock types -other 53 than the very weakest mechanically -can give rise to rock shelters, and these share many properties 54 and issues with caves. 55
In the early days of Archaeology, caves provided some of the most important evidence for human 56 antiquity, such as the demonstration by Pengelly et al. (1873) of the association of humanly-shaped 57 artefacts with the bones of extinct animals. Caves were the source of the first Neanderthal skeletal 58 material (e.g. Schaffhausen 1861; Fraipont and Lohest 1887), indicating for the first time that other 59 human species had existed in the past, thus being seen to validate early evolutionary theory (e.g. 60
Huxley 1863). The recognition of changing material culture through time, although partly realised 61 from open-air sites, was also further demonstrated and refined from cave excavations. Some of the 62 most important early expositions of regional Palaeolithic and later sequences came from caves in 63
France (Lartet and Christie 1875; de Mortillet 1886; Laville et al. 1980 ) and the UK (Pengelly et al. 64 1873; Dawkins 1874). Examples among many influential later expositions of key cave sequences are 65 those for La Ferassie, France (Peyrony 1934; Delporte 1984) , Taforalt, Morocco (Roche 1953) , 66 Shanidar Cave, Iraq (Solecki 1955 (Solecki , 1963 , the Haua Fteah, Libya (McBurney 1967) , Niah Cave, Borneo 67 (Harrisson 1964 (Harrisson , 1970 and Franchthi Cave, Greece (Jacobsen and Farrand 1987) . 68
The three-dimensional complexities of past processes, sedimentation and chronology reflected by 69 cave fills were not suspected by many early researchers -and indeed many had little idea of, or 70 interest in, the processes which gave rise to the sediment accumulations that they excavated. Lack of attention to sediments, stratification and stratigraphy is evident in some publications up to 95 the middle of the last century, and even as late as McBurney (1967) and Harrisson (1964 Harrisson ( , 1970 colleagues (e.g. Movius 1963 Movius , 1975 Movius , 1977 Farrand 1975 As an example of other material involved in recycling, we provide an excerpt of the previously-209 unpublished palynological work by David Simpson (Fig. 2) . This covers approximately the same 210 stratigraphic interval as shown in Fig. 1 . Low-impact preparation methods were used to minimise 211 damage to poorly-preserved palynomorphs (details in Simpson 2014). Sampling in this work followed 212 sedimentary contexts but used a 5 cm sample interval in contexts thicker than this distance. 213 The pollen assemblages from this sequence are dominated either by Pinus or Asteraceae or a 219 combination of these taxa. Also present are pollen of grasses, a wide variety of herbs, some maquis 220 species and some desertic taxa (Fig. 2) . These assemblages are highly unusual and unlike soil pollen 221 and pollen-trap assemblages in the region around the Haua (Simpson 2014 Close-interval dating p o ides a othe tool i the a e geoa haeologist s toolkit, since it will 294 provide evidence of dating reversals and of chronological incoherence, as discussed above (Fig. 1) . 295
In this case the archaeologist must consider the degree to which the archaeology from layers with 296 evidence of chronological incoherence may be in-situ, and the chronological resolution possible, 297 when assessing evidence for human behaviour. 298
There is a general relationship between the energy of processes of deposition, the sedimentation 299 rate and the degree of chronological resolution (caricatured in Fig. 3 that lighter artefacts will be removed (winnowed) from the deposition site, leaving only a lag of large 307 artefacts and the heavier skeletal elements. As sedimentation rate rises, if process energy remains 308 low, then chronologically-defined horizons will become more widely separated. With increasing 309 process energy, however, there is an increasing probability that erosion of previously -deposited 310 sediment will occur, and that the resulting contexts will contain recycled as well as in-situ material. 311 It is quite probable that the days of heroic-scale cave excavations are limited, simply because in the 317 current climate of financial austerity the level of resources necessary for a major cave excavation will 318 be only very infrequently available. Further, most of the early cave excavations took place with 319 almost total disregard for health and safety, something that we could not contemplate today. 320
Cave sediments are often staggeringly rich in a very wide variety of material and are likely to be 321 complex chronologically and in three dimensions. The quantities of material preserved in cave fills 322 a e e o ous: it is esti ated that o e half a illio fi ds e e ge e ated du i g M Bu e s 323 (1967) excavation of the Haua Fteah (G. Barker, pers. comm. to COH, 2006). It is essential that new 324 excavations are embarked upon with the expectation of recovering this range and abundance of 325 material and to take account of the sheer richness and unpredictability of the cave record, with 326 detailed plotting in three dimensions of sedimentary facies, fossils and artefacts and high-resolution 327 dating and geoarchaeological sampling. It follows that archaeological materials should be analysed 328 in conjunction with the chronological, environmental and taphonomic datasets from excavations, 329 rather than becoming detached from them. This approach will enable us to focus our attention on 330 the human behaviours in the context of environmental change and the physical, chemical and biotic 331 processes which together led to the formation of the cave archaeological record. 332
We suggest that reappraisal of many previously-excavated cave fills and the assessment of new 333 excavations using the sophisticated dating and modelling methods now available will result in the 334 increasing recognition of chronological complexity. Quantifying this complexity in any depositional 335 unit will become important in assessing the degree of interpretation which may be applied to the 336 archaeology from that context. 337
At present, innovation in dating and chronology-building techniques applicable to cave sediment 338 sequences appears to be in a healthy state. The new methodologies mentioned in this short review 339 offer enormous possibilities for archaeological research, particularly when applied in conjunction 340 with the geoarchaeological methodologies described by Canti and Huisman (this volume) and the 341 multitude of other archaeological science techniques recorded in the pages of this journal. 342
343

Acknowlegements 344
We thank Robin Torrence and three anonymous reviewers for guidance in significantly improving 345 this paper. We thank our many colleagues, and especially Graeme Barker, Tim Reynolds, Stephen 346
Gale, Lucy Farr, Ryan Rabett and Brian Pyatt, for much informative and enlightening discussion and 347 for companionship in the field over many years. We also acknowledge with gratitude the patience 348 and forbearance of our loved ones who have tolerated our repeated absences on fieldwork. Barker, G., Antoniadou, A., Armitage, S., Brooks, I., Candy, I., Connell, K., Douka, K., Drake, N., Farr, 368 L., Hill, E., Hunt, C., Inglis, R., Jones, S., Lane, C., Lucarini, G., Meneely, J., Morales, J., Mutri, G., 369
Prendergast, A., Rabett, R., Reade, H., Reynolds, T., Russell De Mo tillet, G.
. Le P éhisto i ue: A ti uité de l Ho e. Pa is, C. 'ei ald. 439 Douka, K., Jacobs, Z., Lane, C., Grün, R., Farr, L., Hunt, C., Inglis, R.H., Reynolds, T., Albert, P., Aubert, 440 M., Cullen, V., Hill, E., Kinsley, L., Roberts, R.G., Tomlinson, E.L., Wulf, S., Barker, G. 
